The herpesvirus simian agent 8 (SA8) gene which corresponds to the herpes simplex virus (HSV) gene encoding glycoprotein B (gB) was localized, cloned and sequenced. Comparison of its deduced amino acid sequence with those of its counterparts in 12 other distinct herpesviruses was used to evaluate their homology and phylogenetic relationship. The results emphasized that SA8 gB is more closely related to those of HSV-1 and -2, and bovine herpesvirus 2 than to the homologous proteins of other herpesviruses. Furthermore, the alignment showed several regions of domains conserved in the closely related sequences, including four conserved in all the herpesvirus gB sequences examined. The conservation of 10 cysteine residues and most of the proline residues, as well as several potential N-glycosylation sites, suggested that the secondary and tertiary structures of these gBs were similar.
Simian agent 8 (SA8) is a herpesvirus which occurs naturally in African green monkeys and baboons (Malherbe & Harwin, 1958; Malherbe & StricklandCholmley, 1969) . SA8, herpes simplex virus (HSV), B virus (which is indigenous to the rhesus monkey) and bovine herpesvirus 2 (BHV-2) (the causative agent of bovine herpes mamillitis) show identical genome structure, nucleotide sequence similarities and antigenic cross-reactivity (Desrosiers & Falk, 1981; Eberle et al., 1989; Hammerschmidt et al., 1988; Honess, 1984; Ludwig et al., 1983; Malherbe & Harwin, 1958; Sterz et al., 1973/74; Stevens et al., 1968) . Based on these common features, these viruses were grouped to form the Simplexvirus genus (Brown, 1986; Roizman et al., 1981) .
We have shown recently that SA8 and BHV-2 have virion glycoproteins possessing epitopes in common with glycoprotein B (gB) of HSV, which are involved in crossneutralization (Borchers et al., 1990; Conraths et al., 1988) .
Herpesvirus gB is of special interest for several reasons. It acts as a potent target for neutralizing antibodies (Pereira et al., 1989) and cytotoxic T lymphocytes (Lawman et al., 1980; Witmer et al., 1990) , t Present address: GSF, lnstitut fiir Klinische Molekularbiologie und Tumorgenetik, Marchioninistrasse 25, D-8000 Miinchen 70, Germany.
The nucleotide sequence data reported in this paper have been submitted to the GenBank database and assigned the accession number X56935. and influences virus infectivity at the levels of adsorption (Johnson et al., 1984) and penetration (Little et al., 1981 ; Sarmiento et al., 1979) , as well as cell-to-cell spread of virus by fusion (Cai et al., 1988; DeLuca et al., 1982) .
The aim of this study was to clone and sequence the gB gene of SA8. We used this sequence to deduce the amino acid sequence, which was aligned with its counterparts from human and animal herpesviruses to calculate the level of similarity, and thus to evaluate their evolutionary relationship. Secondly, regions of highly conserved amino acid motifs were localized. SA8 strain B264 (kindly supplied by Dr M. D. Daniel, Primate Research Center, Boston, Mass., U.S.A.) was propagated in Vero ceils. Cells were infected with 1 p.f.u. SA8/cell, harvested 36 h post-infection (p.i.) and lysed by three cycles of freezing (-70 °C) and thawing (37 °C). Nucleocapsids were prepared by centrifugation through a 20~ sucrose cushion (2 h, 27000 r.p.m., SW27 rotor). Viral DNA was extracted with 1 ~ SDS and proteinase K (Boehringer Mannheim), and subsequently purified by equilibrium density centrifugation in caesium chloride-ethidium bromide gradients.
Two subclones (pRB2001 and -2002; Kousoulas et al., 1984) of the BamHI G fragment of HSV-1 strain F, containing almost the entire coding region of gB, were labelled by nick-translation and used to probe Southern blots of enzyme-digested SA8 DNA. Hybridization was done in a buffer containing l~ SDS, 1 M-NaC1, 10~ dextran sulphate and 100 ,mg/ml denatured salmon * The total number of identical amino acids shared by two aligned herpesvirus gBs was obtained using the TREE program package (Feng & Doolittle, 1987) and is expressed as a percentage.
sperm DNA at 65 °C for 16 h. The membrane was prewashed in 2 x SSC for 10 min at room temperature, then washed in 2 x SSC, ~ SDS at 65 °C and finally in 0.1 x SSC at room temperature. An Amersham X-ray film was exposed to the air-dried membrane for 16 h.
A detailed restriction map of the 4.6 kb BamHI/EcoRI SA8 DNA fragment was constructed, and overlapping 300 to 1500 bp DNA fragments were subcloned in bacteriophage M13 derivatives and sequenced in both directions by the chain termination reaction (Sanger et al., 1977) using the Sequenase Version 2 Kit (Renner). For sequencing G + C-rich fragments, 7-deaza-dGTP was used instead of dGTP.
The entire nucleotide sequence of the 4.6 kb EcoRI/ BamHI DNA fragment is shown in Fig. 1 . Computeraided DNA sequence analysis identified a 2655 bp open reading frame with homology to the published sequence ofHSV-1 gB (Bzik et al., 1984) . The G + C content of the SA8 gB-encoding sequence was 69.3 ~. Putative regulatory elements include a TATA box, an mRNA start site (Breathnach & Chambon, 1981) and a weak, putative CAAT box (Benoist et al., 1980) . The positions of these signal sequences relative to the translation initiation codon (ATG, position 741) are comparable to those of HSV-I and BHV-2 gB. The conserved 5'-polyadenylation site, AATAAA (Proudfoot & Brownlee, 1974) , is located 43 bp downstream from the stop codon, TAG (position 3396).
The amino acid sequence ofSA8 gB was deduced from the nucleotide sequence (Fig. 1) and the protein has an Mr of 98K. Hydropathic (Kyte & Doolittle, 1982) and secondary structure analysis (Chou & Fasman, 1978) show that SA8 gB has features typical of transmembrane glycoproteins, as has been predicted for HSV-1 gB (Pellett et al., 1985a) . These are an N-terminal hydrophobic signal sequence (amino acids 1 to 34), a hydrophilic external surface region with five potential Nlinked glycosylation sites (amino acids 50 to 700), a membrane-spanning domain containing three hydrophobic segments (amino acids 700 to 780) and a charged cytoplasmic anchor domain (amino acids 780 to 886) (data not shown).
Extending the work of others (Albrecht & Fleckenstein, 1990; Griffin, 1991 ; Pellet et al., 1985b; Whalley et al., 1989) , we aligned the amino acid sequences of 13 different herpesviruses, including representatives from each of the three subfamilies, using the TREE program package (Feng & Doolittle, 1987) . The viruses used were from the Alphaherpesvirinae [SA8, HSV-1, HSV-2, BHV-1, BHV-2, pseudorabies virus (PRV), varicella-zoster virus (VZV), and equine herpesvirus types 1 and 4 (EHV-I and -4)], the Betaherpesvirinae [herpesvirus saimiri (HVS) and human cytomegalovirus (HCMV)] and the Gammaherpesvirinae [Epstein-Barr virus (EBV) and Marek's disease virus (MDV)] (Albrecht & Fleckenstein, 1990; Baer et al., 1984; Bzik et al., 1984 Bzik et al., , 1986 Cranage et al., 1986; Davison & Scott, 1986; Hammerschmidt et al., 1988; Keller et al., 1986; Pellett et al., 1985b; Riggio et al., 1989; Robbins et al., 1987; Ross et al., 1989; Whalley et al., 1989; Whitbeck et al., 1988) . In contrast to the previous analysis by Whalley et al. (1989) , which compared only the more conserved core regions, we examined the whole amino acid sequence deduced from these genes; this resulted in lower levels of similarity between the gB homologues (Table 1) .
To analyse gB in more detail, the amino acid sequences of those of the simplexviruses were compared (Fig. 2) ; there are major blocks of amino acid sequence Fig. 1 . Nucleotide sequence of and amino acid sequence predicted from the SA8 gB gene. The SAg gB coding sequence is contained in the BamHI-EcoRI DNA fragment. The TATA box, mRNA start codon, translation initiation codon, stop codon, potential Nglycosylation sites and the polyadenylation site are underlined.
SAB gB HA°-2 9B HS°-I gB BHU-Z gB SA8 gB HSU-2 9B HSU-I gB BM°-2 gB SA8 gB HSV-2 9 B HSU-I gB BHU-2 gB SA8 gB HAU-Z 9 B HSV-I 9B BHV-2 oB SA8 9B HSU-2 gB HSU-I gB BHU-2 gB SA8 AB HSU-2 gB HSV I gB BHU 2 gB Table 1 . Such data can be used not only to determine the sequence of the biological evolution of homologous proteins like gB, but also to estimate the phylogenetic relationship between the individual herpesviruses (Fig. 3) .
As expected from antigenic cross-reactivity data, the simplexviruses appear to be closely related phylogenetically, suggesting that they may have diverged from a common ancestor late in herpesvirus evolution. The remaining herpesviruses probably diverged earlier, with HVS, HCMV and EBV being the most distantly related. It is interesting to note that BHV-1 and PRV appeared to be fairly closely related to SA8, although an antigenic relationship has not been described.
While this manuscript was in preparation, Griffin (1991) published evolutionary trees of herpesvirus gBs generated using different computer programs. The data are in good agreement with ours, although our analysis seems to show that VZV and MDV are more closely related.
In conclusion, the identification of conserved and potential antigenic domains of gB could be useful for the synthesis of subunit vaccines, and might be a basis for systematic mutagenesis to define the functions of these domains.
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